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.·PREFACE 

• This manuai contains the logic and special circuits . information neede d 

to s ervice the Device Control Unit (DCU) cards produced by Philips for 

the P800 series of Mini-Computers. The manual is divided into 

sect'ions and each section except the first deals with a specific DCU. 

The first section deals with the I/0 bus. and its timing and with the 

.. operation of DCU's in general. This section is applicable to all the 

DCU' s included in the following sections. 

All the remaining sections deal with specific DCU' s and thei r ope ration. · 

';('he last page of each section is a fold-out logic diagram that also 

includes information on the special circuits. Each diagram has grid 

reference points marked on it to enable easy location of the v ar ious 

c logic elements de scribed in the text. These reference points should 

not be confused with similar reference points etched on the DCU cards, 

that are used to identify the logic elements. 

The information contained in this book is based on the docum.entation 

available at the time of printing 1st December 1971. ·. However, or should 

any user wish to make any suggestion for improving this n1anual, he is 

invited to s end this comments to: 

MANUAL WRITING SMALL COMPUTERS 

Philips C. T. I. 

4 a 16 avenu e du Gene r a l Leclerc 

92 - Fonten.1 y-aux-Rose s. 

France. 
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SECTION I 

I 

All the Coiltrol Unit (CU) cards described in this m9-nual 

' similar w·c}y and the informa_ticin in this section is applicable to all-of 
• I . 

'; , ' 

them.. They a:re the interface: be.tween the CPU arid the peripheral 
I . , •• 

deyice and! translate I/0 ·inshucti~~s into mechanical actions of. the · 

devic::'e· and: provide the_ sequencing _and control signalsto effect· data 

· transfers. ; 

1. 2 . I/O BUS Communication between the CPU ·and the CU is via . 
. I ·. . . . 

the I/Q bus; its lines being haid wired to the sockets reserved for CU 

cards; Figure 1. L shows the connection of CU cards to the bus and 
t'. ·. . ' ' . . 

I 

up to 32 GU cards can be connected to the I/0 bus. 

L 3 COMMANDS The commands sent to a CU will be: 
r 

. . I 

(i) CIO - l To start or stop a. transfer, 

(i~) INR -I To effect a transfer from a device to the CPU, 

(iii) OTR 7 To effect a transfer frorn the GPU to the device, 
I 

' 
(iv) TST .'. ' To test the status of _ the d~vice before st~rting or during 

[ any transfer, 
; ·.,, 

(v) SST - ;To t_est the . status of the d'evice after the transfer has been 

!co1npleted. 
; 

., .... 

These com1:nands originate in the I/0 instructions and will include the 

adpres s of ithe device. 

1. 4 ADDRESSING. The CU add1:ess is sent 'via the BAD lines of the 

·· 1/0 .bus; :µ:ach CU card will have a BAD input gate tha t will only 
I . . 

recognize rts own address. The code for · this a.ddre ss \Vill have been I . . 
,. ' 

wired up 0 4 the pinboard of each CU ca:t'.d. . Som.e CU c·ai·ds c an control 
• I . • • 

more than one device, and these . car ds have the address of each de v 1ce I . . . .. ·. 
. i 

• wi:red up on their pinboard. 

I 

j 

·_j 

' 



'··. ,, 

- . ...., ·' 
BOU {Ih) . 

~ .. 
c,,:m (bl .-· · . -,. 

' :-··. BOf {3) .. 

CPU 
~ 

... ~ 
--«I~ ' 

1""'"'1, 
-1 Ii ,,;\ 

l ' ~ 
I I 

.·, 

I I 

I I 
'. I I 
I I 
I I 
I I 
I 
I L - ·-· -- -
I . 

L-- -··-·· 

CPU 
Ourpur 

-4~" 0 
DAV {r J ,, 
E.OR (! l 

-q;i -
t-1l !ll ' ~~ .. .,.. 
Bihl {lb) 

A.CC {I) .. 
·- -

Af!): (/) r- . 
.. 

.' . . .1 .i 

Ul111r1 ,b - l ,,· r-·r~v ' 
a . .J==, 

Control . , · . 
Conf-rol 
Unir U"d· 

.. 

7~' 
~--..,.c,:g..,,& 

. I 

11< I 
D~ I I 
-· - -· - - - - - ..;,. - ....J I I _R 
trn. - .-- ·- ·-

SOU :• .. Ou/'pul' cla/:a btJ~ (11.., liries) 

Delri 'ce, P.dd re~ bu,; (b line..s) 
BOF ... Opr:.rt1f·iufi . Furit..ri(.){\ bu.~ (3 LiM:f) 

DAV ... be1/1 te J{ddre.ss. Vei.l id bas; 
EOR ... End oF l<an9e bus It 

12 ' . . 

•. 

., 
•. 

. .------

---.... 
, 

·'' 
·, 

f'\,. ' 
j) ' 



c:) 
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L 5 '.FUNG TION CODE This code contain:,; the actual cornrnand to the 

CU· and is sent via the BOF lines of the I/0 bus . The three bits of the 
. . . . . 

code a·re translated into a command.which is sent to the device via the 

sequence control part of the CU. The following table shows the decoded 

bits translated into con1.mands: 

Instruction Bit 4 Bit 8 Bit 9 Command 

CIO 0 1 1 Start 

CIO 0 1 0 Stop 

INR - 1 0 0 or 1 Input Transfer 

OTR 0 0 0 or 1 Output Transfer 

TST l 1 n/s 
0 0 . Test Status · 

SST 1 1 1 Sense Status 

These co1nmands will only be accepted if the control signals have 

validated the address and the CU sequence iogic is in the right mode. 

1. 6 CONTROL SIGNALS There are three control signals lines from. 

the CPU to the CU and two control signal lines from the CU to the CPU 

contained h1 the I/0 bus. · In addition there will be the Interrupt and/or 

the B i'eak Request lines frorri the CU to the CPU. 

DAV This signal is used to validate data on the BAD and BOF lines. 

If the address on the BAD lines is recognized, the CU will respond with 

the ARE signal and if the cornmand on the'BOF lines is a.cceptecl it ,;vill 

respond \ '>1 ith the ACC signal. 

J\,1C This is the ]\,faster Cleat· signal that is activated either frorn the 

CPU control panel or the power supply each time the CPU is switched on, 

EOR This is the Encl of Range signal which is sent at the end oi a 

Multiplex transfer. 

ARE This signal is sent to the CPU when the address on the BAD 

lines has been accepted by the CU. 

ACC This signal is ;;ent to the CPU when the comrnand on the BOF 

lines h a s b ¢ en accepted. 

1 - .3 

.· . . . 
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I • INTERRUPT and BREAK REQUEST . These sigiial lines connect each · 

discrete CU to the CPU inter,rupt syste~~ The Interrupt line is used 

for :prograrm.:.0.ed channel transfers, the Break Request line for ._ 
·' . . , . 

m-u.ltiplex transfers. Each_ is activated by the GU to indicate to ,the 

GPU that it is ready to exchange data or status information. 

L 7 I/0 BUS TIMING . The tirning o£ the I/0 bus signals are shown 

. · f' l 2-lll 1gurc . . · . 

1. 8 . CU MODES Figure 1. 3 shows a block diagram of a typical 

CU. Once the address has been accepted by the CU, a check is made 
. . . . . 

to £ind out if the CU is in ~he right mode to accept the command on the 

BOF lines. The modes a.re: 

INACTIVE 

. and TST. 

The only commands accepted in this mode a.re CIO start · . . . 
: .· . . . . . 

In :this m.ode a TST command will cause the CU .to respond 

with zeros on all the BIN lines . . -· A CIO Start command will cause the 

CU to switch from inactive to the. Execute· or Exchange modes dependir,g 
. . 

{1pon wheth~r the exchange is to ~e input or output. 

EXECUTE This mode causes the device to perform a single rn.echanical 

action after which .it switches the ' CU into e i ther the Exchange or Wait 

Status modes. ' The only con1.mands accepted in this 111.ode are CIO H2.lt 

and 'i'ST. The CIO Halt will cause the CU to switch to. the Wait Status 

mode. The T:ST will not affect the CU operation but v'iill send a busy sig1ial · 

· ·. signal back to 'the CPU. 

· EXCHANGE _, This mo_de activates the Inter:rnpt o:r. Break Request Ene 

to indicate to the CPU that it is ready to receive or send data. After 

the exchange the CU will f?Witch back to the execute mode. 
. . ' 

command s accepted in this mode are INR, OTR. or TST. 
' 

The qnly 

The I}!R will 

transfer data t!o the CPU via the BIN lines, the OTR v1ill accept c1z,.ta frorn 
I . . 

the BOU lines and the TST will send the CU status back to the CPU. 

WAIT The ct; goes into this rriode after receiving a CIO Hait cor--r1.ma11d 
I 

whilst in the Ekecute mode . When the SST command has been accepted 

and servic ed , it will S'.vitch to the Inacti've mode. 

· _accepted in thi ~ rnode are TST and SST. In both cases the CU sends 
i . 

the dev1.c e status back to the CPU vja the BIN lines;. 

1--4 . 
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' 1--'; ' 
/ · 

~ . . ' 

MODES SEQUENCES 
' . ·.- . 

The rnode .9 equence depen'ci·s ori whether 
. __ . ·. - . 

transfer is input or output. · Both sequences are shown in the flowchart 

in Figure L 4. 

1.10. CU AND DEVICE STATUS The status· of the CU is teste'd by the 

TST comma1~d and th.e device status by the SST cornma·nd . 

. TST This command is accepted by the ~U in any mode. If the CU is 

in the Inactive mode (not busy) i:twiH respond by sending all zeros to 

the CPU ,~ia the BIN lines. In any other mode, (b.usy) it will respond 

by sending a l bit. ori BIN line 15 other lines are not significant. 

SST Thi.s command is only accepted in the Wait mode and responds . 

' by sending the status of_ the device ·to the CPU via the BIJ\T lin~s. . The. 

· .. most common ·status bits are: 

bit 

bit 

15: 

14: 

Manual intervention required by the operator 

Throughput Error 

· bit 13: Data fault 

bit 12: Incorrect length 

.• Other l;d.t~ r~ay be ' used by the more sophisticated control unHs, but 

these will be given in the section dealing with these units;· 

' 
.l. 11 I/0 BUS CONNECTIQNS 

Connections · to the pins of the r/o bus sockets have been standardi.se d so 

that any DCU card can be plugged into any socket ,vithout rriodification. 

. The list of connections and signal names is given below: 

Socket Socket 

lA0l +SV 2A01 BOF02/ 

1A02 reserved 2A02. EOR 

BINGO/ -/ · 
. 2A03 . BOF0l/ lA03 

1A04 BIN0 1/ 2A04 BOFOO/ 

IAOS · BIN02/ 2A05 BOU14 

(A.06 BIN03/ ZA06 · BOU13 

lA0.7 BIN94/ 2A07 BOU12 

1A08 BIN0S/ 2A08 BOU09 

· 1A09 · BIN0I'... / 2A09 BOU JO 
,. 

1~7 
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-1A10 BIN0'7 / 2Al0 BOU!L 

.·, 
, ., lA 11 grotmd 2All BOU.IS 

. IA 12. reserved 2Af2 . ~1c/ 
1Al3 ACC/ 2A13 BAD03/ . 

IA14 ARE/ . ·?'.A14 
.. 

DAV/ 

BRIR/ 
.. 

2Al5 BAD04/ IA15 

1Al6 BRl/ 2Al6 BAD0S/ 

1Al7 BR2/ 2Al7 BOU08 
. 

BR3/ 
•,' 

2Al8 1Al8 BOU07 

1Al9 BR4/ 2Al9 BOU06 
. ·. 

1A20 reserved 2A20 BOU05 

1A2 l BIN08/ · .. ' .•. .2A21 BOU04 · 

!A22 BIN 14/ 2.A22 BAD00/ 

l.A.23 + 6-v 2A23 BOU03 

1A24 6 V •· 2A24 BAPOl/ 

1A25 12 V ZA25 . H.A.D02/ 

IA26 BIN13/ 2.A26 BOU0Z 

1A27 BIN 15/ 2.A27 BOU0l 

1A2.8 BIN09/ 

IA29 BIN IO/ 

-IA30 BIN 11/ :~. .,. 5 v 

BIN 12/ I 5 V T -

1B31 ground 

• 
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. SECTION II . 

BRIEF DESCRIPTION 

. The Control Vnit (CU) logic and special circuits are contained on one 

card and will control one ASR. Its main function is to interface the 

parallel operation of the CPU I/0 btts and the serial operation of the 

.. . ,.. 

· ASR. A clock circuit on the card provides the timing pulses necessary 

to effect transfers of dat<:l and to control the seque1{ce of operation: . 

. , 

Standard I/0 instructions are used to initia te. data tr ansfer s ;=tnd to send 

control signal s to the ASR via the CU. The control signals a re th e 

start/stop signals to the Tape Reader a:µd Tape Punch attached to the_ 

ASR . These signals are. n,ot generated by the CU bt1t a~e prograrnmed 

.. and transferred like any other data. 

Figure Z. 1 shows a block diagrai.n of the main logic and special 

circuits of the ASR CU; the logic 'drawing for the CU card will be found 

) :_n Jhe pocket at the back of this _book, a smaller logic dr a·wing \;ill be 
.. • .· ·-

·found at the end of this section, The . smaller drawing has grid reference 

· ·mark's which are used in the 'te x t to enable the logic elements to be founq 

quickly. The following pa_ragraphs of this section d e scribe the oper a tion 

of the control unit in n1ore detail, with the aid of the se .two diagr arn s . 

2. l ADDRESSING 
. . . 

1The address of the CU card can be wired to recogni z e any address using 
. . 

the ADO to ADS (r e f: . A and B/1, a..:3) switch connectors. When the CPU 

p~ts any GU addr e s s on the BAD lines , it validates it by sending th e D J\V 

(ref: A/1)Signa l. If the address corresponds to th e code s et up on the 

s'i.vitch connectors, th_e CU :responds by s ending the A RE (ref: D/1 --2) ' 

back to the CPU; this signal is al s o us e d to enable log ic on th e CU c a rd . 

z. - 1 
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· 2. 2 BOF 

· Once the address has been ~ecognized; .the code on the BOF 
. . ' 

(ref:A and B/4-,S}lines and the . present state of the CU .ar'.echec:ked 
. . . . .. ... . . . . ,. . 

to find out if the corriri1.and can be accepted·. If ~ccepted the CU will 
,,, . 

send the ACC (ref: . D/1) signal back to the CPU. At the same time 

the output from the function decode logic will enable the appropriate 

_logic circuits in the CU to start execution of the command .. 

2. 3 FUNCTION REGISTER 

This register is made up of fo1-ir flip-flops that s~ore the type of function . 

sent on the BOF lines . .. Thes·e flip-flops are: 

FCA This flip-flop (ref: E and F/4) remernbers that a CIO Start 
I . 
comrnand has been accepted and performed. · It enables the sequencer 

. . . . . . . . . . 

-flip-flops to switch to either tl~e Execute (EXT) state if the CIO ~vas an 

input command,. or to the Exchange (ECH} state if the CIO was an output 

con1mand. 

Set During the acceptance of the CIO start command. · 

Reset During acceptance of a CIO stop command. 

(ii) At the be.giri.ning of any serialization. 

(iii) During the exchange of dat,a with the CPU. 

FAOV . This flip - flop (ref: F/4-5) remembers that either an INR or OTR 

command has been accepted and is used to enable the sequencer logic. 

Set During any data exchange with the CPU. 

(ii) During acceptance of an SST coh,rnc:1.nd. 

Reset Duririg execution of a Stcip command. 

(ii) During the Sta rt of any I/0 command execution 

(iii) At the beginning of any seria lization. 

2-3 



FHALT This Hip:..fiop (ref:_ E/3) rerner.riber; that a stop command 
. ' ·-

has heen perfo;n1ed and er~able_s the sequ_encer to switch to the Wait 

Status (V{9T) state if FSER i_s re s~t; - It also inhibits any exchange 

request; ,' rimember s a d-~te~te<l throughput error and in conjunction 

with FAOV enables th•.; ... seqt{encer to switch to the inactive (INCT) state 

after exec.ution of an SST command~ 

Set During a·cceptance of a stop command . . 

· (ii) During the serialization sequence (5-nput) if a throughput error has 

been detected. 

(iii) During the exchange state if the ASR is used on the mi.1ltiplex chan · 

channel. 

Reset • During the acceptance of :an SST command . 

. FOUT This flip-flop (i·ef: 'B arid C/8) controls the operating mode of 

the se'rializcr circuit. ' When set it allows transfers from the CPU to the ' 

. ASR, . arid when re set it allows ti-ans fer s froni the ASR to the CPU. 

Set During the acceptance of a CIO Start comman~ in output mode . . 

Reset During the acceptance of a CIO Start command in input rnode. 
' . ' \" .· ' 

2. 4. . CONTROL FLIP-FLOPS 
:, 

These three . flip-flops control the_ transfer of data between th e CPU and 

the ASR. They are: 

. ' ·, 

FSER This flip-flop (re£: E and F/6) enabies serialization by 

starting the GU clock .counting. 

Set During input mode by the Start pulse from the ASR and during 

output mode by FFF/ 

R.e set At the end of serialization by the trailing edge of the eleventh 

BP pulse 



-- ·--
) 

) 

PE Thisflip-fiop (r ~£ :~~·f a;ndG/6) enables, the shift register to eithe r 

-parallel load or one bit shift; .. 

Set It is set by FS}i::R 

Re set By the trailing edge of the first AP pulse, 

FTHR This flip_-flop (ref: E/7) can detect a throughput error when the 

. CU is in input mode. 

When a. new character tries. to load the shift register whilst the ClJ 

is in the ECH state. 

Reset During the acceptance of an I/0 command; 

2. 5 · n,rTER.FACE .-SEQUENCER 

The sequencer qses two flip-flops FO (ref: E and F/1.;.2) an:d FI. ·. 
(ref: F/3) to switch the appropriate sequence · sta.tes ~,£ the CU during 

data transfers. A .combinatio'n of outputs from the~e flip:...fiops drives 

logic gates that provide: the signal levels which indic ate the state of the 

· CU. ·These are: 

. (i) I11active State (INCT) FO/;F1/ 
.. .- I , 

. (ii) Execute State (EXT) - FO;. F 1 

. (iii) Excha1ige State (ECH) - FO. Fl 

(iv) Wait Statu.s State (WST) - FO. F 1/ 

,. 2. 6 SEQUENCER AND CONTROL TIMING. 

The timing £or the sequencer a_n<l cont1·ol flip-flops is dependant upon 
., 

two other sources of t iming sign_als; ·the I/0 bus sig:nals which are 

controlled by the CPU and the CU clockwhich controts transfers between 
;. ' ' . ' ' , 

the CU and the ASR . lt is therefore not possible to d_raw a timing 
. . 

diagram that will relate the signals to the ac tual time taken f;r a transfe;r . 
. . . ~ ... . -·~ 

• ~ .r ' 

Hm,; ever, figure 2. 2. does .shov/ the relation sh ip between the 9ignals, 

in .both input 2,nd output modes, during a data transfer . . 
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2. 7 C-U CLOCK CIRCUIT AND TIMING 

The clock pi•ovides timing· pulses to synchronize the operation: of the . 

·shift register and control l &g"it or"th~ CU t'o the speed of ASR distributor .. 
.. . . . . ' . . ~ . . : _. -. \ · •,. : · 

Tlie basic clock comprises ~he two·mon_-ostable modules A3 and B4 
' ' . . ;· .- . 

(ref: B/6) which are inte_rconn_ected to form a stable oscilato~. 

Module A4 (ref: B/7) is used to give the correct. pulse width to _the_ two 

· outputs . . These outputs are u _sed in conjunction with gates B4 

. (ref: B and C/7) to produce the, biphase clock pulses AP and BPi 

StAR TING THE CLOCK The clock is started when signal FSER is 

rising after the fl.ip--flop has been set, 

STOPPING THE CLOCK The trailing edge of the eleventh BP pulse 

is used to reset_ FSER. The effect 0£ FSER going low is taken through 

a delay network of gates CJ and B4 (ref: C/5-6) and used to stop the 

clock. 

TIMING Figure 2. 3 shows the tim.ing of t he AP and BP pulses in 

relation to the transfer of. the; __ character U, 

_2. 8 S:F-IIFT REGISTER 

The r eg ister comprises three 4-bit modules F2, G2 and H2 (r \;;f : B/10, 

C/9-10 and C /9) that can operate in either paralllel or one-bit shift 

modes. Only eleven bits of tlie register are used by the CU and 

figure 2. 4 shows the inter-r'elationship of the three modules, 

OPERATION The operation mode is determined by PE/. When- this.· 

signal is present the register operates in the parallel rn.ode. This mode . 

is for all transfers between the register and the CPU. When PE/ is 

not pre sent, the register operates in the one-bit shift mode the 

timing pulses from the CU dock providing . synchronization with the ASR. 

INR Command The register shifts one position during each BP pulse 

of the loading sequence (11 pulses in an). Input to. the register fa yia 

BO and the sig11al level LIN . . ~oading is initiated 'by the start pulse . 

frorn _the ASR which will be a low; then the eight'characte:r bits are.· 
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. loaded followed by two st<5p pulses ,which will both be high, - End of 

serialization is detected v,1heri the start pulse appears at Q 10. "This 

level is used via gates C4, _G6 and D6 (ref: D and E/6-7) to reset 

FSER,. 

OTR Command -The character on the BOU line E is loaded into register 

positio:µs B3 to B9. The most significant bit of the character will 

always be a 1 so it is not transferred from the BOU lines but is 

inserted into register position B2 by the register itself. Position BlO 

is reset to represent the start bit and the other two positions (BO and Bl) 

are set to rep re sent the two stop ptilse s. Output from the register to 

the serializer is from Q 11 and as each · pulse is sent to the ASR BO is 

reset. End of serialization is detected when Ql to Ql0 have all been 

reset. These levels are used to produce level EMPTI 1 which is used 

to reset FSER. 

2. 9 SERIALIZER 

This circuit comprises T 1, T2 a:n'd T3 (ref: D to G/7-8) and it is 

connected to the ASR via a single, tv.r isted tw in, cable. Da t a · and 

cOntrol characters are sent al011g. _it as m.ark/ spa ce current wave form. 

A current of 20 milliamps repre s ents a mark and a cu1·rent of less 

tl~an 3 millia mps represent~ a space. The relationship betwe e n the 

charact_er U and the CU clock can be seeri in figure 2. 3. 

2. 10 STATUS RESPONSES 

The rE! are t\vo types of status .respo:nse one for the TST corn mand and 

one for the SST command, .and both u s e · the same logic to sencl the 

response to the CPU. '!'his logic is the G3 gates (r e f: B a nd E/9) 

that load the BIN lines v-rith the statu s . The same logic is also us e d 

during data transfers to the CPU to load BIN line s 14 and 15 with data, 

. TST The two re spouses to this cornm and are in a ctive or 

busy. If the CU is inactive the response will be all lows on th e BIN 

line s , if busy the CU will send.a high on BIN 15. 

2 ·-9 
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SST The response after ·,;__ sii:~t -essful t~ap._sf,er will bea.lt lows .on the 

. BIN lines. Ifa, throughput e1-ror occurs during a transfer, the CU . 

. \vill send·a_ high on BIN 14 .. . 0 

All other b1ts are insignificant for .botI1 types of ·command. 

2. 11 EXCI-IANGE CONTROL SIGNALS 

These are the PIL/; BRL/ and EOR '.signals. 
. . 

The fir st two are used to 

ask the ~PU to effect a data exchange, the last one tells the CU that _the 

· last character has been sent. 

. . . 

. . 

·This signal is active during the WS'f state and asks the CPU to 

send an SST command. 

This signal is active ·dufing th¢ ECH state ·aridasks the' CPU to 
, • ' r 

.send either an INR or an OTR co~mand. • This signal is norrnally used 

o~ly during n:rnltiplex ex.changes, b11t when the ASR is used on the . 
. . ~ . .. 

programn1.ed channel the . BRL/ a.n'd PIL/ signals are 1ored' toge.ther on .· 

. -the I/0 bus. 

. . 

. EOR This sign~l is only ~sed during multiplex exchanges to ip.dicate 

to the CU that the last character:,has been either sent or accepted. 

· 2. 12 ASK.-TO CU CONNEC~fION 

Both input and output dat;:i, are .transferred, between the CU andthe '. ASR; 

.. via a pair of twisted wires. One of the wires is conn~cted to pin AO j, · · 

:(logic levCl) and the other wire · to pins" AO 5 and A06 (ground) of ah ELCO 
connector socket. · This socket is plugged onto the CU card and the other 

erids of the twisted pair are connected .to t'he data input terminals of the .. 

ASR. 
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SECTION III 

PUNCHED TAPE IC.ARD READ~R CONTROL UNIT 

BRIEF DESCRIPTION 

This control unit cai1 be used to drive either a punched tape r~ader or a 

card reader. All the logic a.nd special circuits are contained on one card. 

aqd only one device can be connected to a card. 

Figure 3\ 1 shows all the main logic blocks and data paths of the cu~ 

The CU is connected to the CPU via the standard I/O bus. All I/O bus 

signals 'a11d their timing rules are detailed in Section I of this book. 

• Connection bet\veen the CU and the device is via special circuits CSO and 

CSI and all these signal levels are active high. 

When the CU is used with a tape reader, - CSO will send the FWD (tape· 

forward) and STOP (tape stop) comr.na~1ds to the device and CSI ~vi.H 

interface th~ eight · data channels, the sfrobe pulse and device status 

signals with the CU logic circuits. 

· When the CU is used with a card -- reader, the CSO signa.lFV{D is used as 

the POC (pick one card) signal to the device; the stop signal is not U:,sed. 

( . The CSI circuits interface the twelve data channels, the strobe pulse and 
- I ,_,.. 

the device status signals to the CU lbgic circuits. 

_Operation of the CU is programmed by standard I/O instructions and 
, , 

. data excha nges can lie. via eithe): the programrned or rnultiplex channels 

depending upon the type of CPU. 

At the er1d of this section is a. fold--out drawing of the logic elements and 

--special circuits thai make up the CU. - The grid reference points of fois 

dra.-wing are used in the followi ng paragraphs to enable aasy location of the 

· rel e vant lo gi c elem.ents or special. circuits . The CU Junctions in a . 
, . 

. . 

~imilaT v✓ay for both the tape and card reader so to avoid repetition, . the 

following paragrapn.s i1pply to b oth devices unler;r:; othe:r.wise r;tated. 
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3. '1 ADDRESSING 

The CU can be wired to ~e_cog:nize a11y desired address using .switch 

. cori~ectoi s AD0O to -AD05 ({~e:f: f B/1 ~4). · Tlif? . outputs from the, · 
'. . ·- .·.,. : •:. - · :::_:.;· . : · .. 

connectors together with-th~ DAY/ signal, from the CPU' ac;ti:vate gate .· 

·. AZ -(ref: C/2~3) p;od~cing_ .f;.REA/ ~hen the add-r :- ss is recognized. 

- This signal is used to e~able the B,OF decoder, . the interfa~e sequencer 
. . . 

and via the inverter B2. and gate G2 the ARE/ s,ignal that i.s s~nt back 

-to the .CPU. 

3. 2 FUNCTION DECODING (BOF lines}_ 

Data from the BOF lines is decoded by a '9301 module DJ (ref: B/4,-5). 

· The inputs to the module are validated by AREA/ arid the outputs obey 

. the following' truth table:· 

INPUT A2 Al .AO OUTPUT 

:cio 0 1 ' l 4/ START/ ·· 

BIO 0 l 0 s/ AGHALT/ 

INR 1 b * .2/3/ INRA/INRB/ 

· SST -1 1 1 o/ · SST 

. .TST 1 1 0 I/ ·. AGTS.T/ 

" can be either 0 or 1 -depending on the function. 

The outputs fron~ the module are used to activate :the cont1·ol and 
. •, . " _· ' . . .·: 

sequence logic and in addition produces the -ACC/ sig11al, via gates DZ . 

and Gl, that is -sent back to the CPU. 

f. . . . 
3. 3 . INTERFACE SEQUENCER 

·,· . 
- ' 

This logic controls data transfers -by switching the . CU into the ai)p:ropr.iate . -· . 

state. It is. achieved by using a c~1:-i.1bination of the outputs from t\r10 

flip-flops, F0 element A4 (ref: E/3) and 'Fl element A4 (ref: E/4). 

INCT: is ,the inactive state and both'F0 and Fl are reset . It is 

produced by either an SST command or the MCL/ signal. . In 

this state the CU is waiting for a CIO start aommand to switch it 

into the exe cute state; 



, . 

. . 

, EXT: is the execute stat~ _and a.Hows· one character . from the t?-pe 

· reader, or one cohir~n from the ca;d ,reader to be read into 

the buffer register. · 'It is entered when FO is in the re set 

condition, and F 1 h:c:,8 b .een set by 'either ACIO or ACINR. If 

the FO flip-flop is set by gate C4 (ref: . D-E/3), the CU will 

. . swits:;h to exchange state; 1-;ut if the Fl flip-flop is _res_et by gate 

C4 (ref: D-E/4) the CU will switch to the wait status state. 

ECH: · is the exchange state and is produced when both FO and F 1 are · 

set. It allows the CU to ask the CPU for. a data exchange by 
. . 

activating BRL/ via gate El {ref: E-F /2-3). The CPU will . 

respond by sending an INR cominand which will activates gates 
. . 

G3 (ref: C/5) producing ACINR'/ This signal is used to g?<-te 

data on to the BIN lines and, via gate B3 (ref: E/5), to reset 

flip-flop FO so that the GU can switch back to the EXT state 

to allow another character or column to be read from the 

device. 

WST: is the wait status and is produced when FO is in the set condition 

and F'l has been reset via gates D4 and C4 (ref:. D/4-5). 

allows the CU to send an interrupt to the CPU which :tesponds 

with an SST command. This conin1and causes the CU to send. 

the status word back to the CPU, via the BIN lines, and resets . 

flip-flop FO so that the CU can switch back to the INCT state. 

3. 4 COMMAND FLIP-FLOPS 

These are the FWD (ref: D/Z) and FHALT (ref: F /6) flip-flops. 

F'\VD This flip-flop remembers that a CIO start con1mand ha_s been 

accepted. 

Set: by ACIO and in this condition will activate the CSO that sends the 

FWDPOC comn1.and to the device . When us ed to drive a card 

read er , this command is delayed by 10 milliseconds if a card ha s 

just been read. 

3-4 
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Reset: ·. by either FHALT, ACP or MCL. For the tape· reader .. the 

re set condition activates the cso that sends the STOP 

command to the devfde. ·. Tp.is .cOmrri.and is not us~d by the card 

·reader. 

. . , 

FHALT · This flip-flop remembers that either an HIO command has 

· been accepted or that an error condition has been detected, 

Set by either FHALTZl or ACHALTA~ · In this condition it resets 

FWD and inhibits any excha11:ge request.· 

· Reset by ACSST or MCL; 

3. 5 CONTROL FLIP-FLOPS 

These a1·e the FREAD (ref: D/3), the FTHR (ref: F/5) an:d FIL (ref: E/6) 

flip-flops·. 

FREAD This flip-flcip remembers that the _ strobe signal STR has bg;en 

received. 

Set by STRB. In this condition: it a llows the GU to s,,;,ritch from -the 

EXT to the ECH state . . 

Reset 

FTHR 

detected. 

Set 

by eithe_r ACINR or CLEAR 

This £iip-flop rern emb.ers_ that a throughput error has been 

by STRA if the CU is in theECH state. 

Reset by either A CIQ or MCL 

FIL This flip-flop is used tc> indicate that the nun1 ber of data characters 

is virong whe n the CU is used with a card reader . 

. Set by . FILZ IA if FHALT is no t set when ACF i s l ow . 

3-5 



Reset · by eithetAClO o·r MGL 

-3. 6 SEQUENCE TIMING-

Figure 3. 2 shows the-. sequence timing of the CU during data ·transfers. 

The mai~1 differen:c~s -betweeri. tape aind card r~ader excha11ges are in · 

the timing of the STR pulse and ih the resetting of the _ signal FW1J; 

· TAPE REAI5ER SEQUENCE It can be seen from figure 3. 2 that 
. . . . . . 

FWD is set by the CIO command .and remains set until it is rese~ by 

FHALT. This :mean:s that once the tape has started to rnove fory.ra1;d, 

it will continue to move forward until FHALT causes it to stop; due to -

either ar1 HIO command being accepted or an error condition ·being -
. . : . . 

detected.. Therefore t)1e CPU n~ust be programmed to accept tbe data 

characte1,· '~ in the buffer regist"er before the next strobe pulse arrives at 

the CU, otherwise througl1put ·err6rs v1.ill occur. 

GARD 'R.EADER SEQUENCE . When the CU is used to drive a ·card 
. . . . 

reader, F"WD is re set by ACP going high. The time between 

successive strobe p~lses is . everi shorter, so again careful progran1n1.ing 

is needed to avoid throughput or incorrect length errors. 

3. 7 DEVICE INPUT SIGNALS 

·: ·:All these signals ar.e active higll and are interfaced with -the CU logic; 

via special circuits CSI (ref: B-/6-11 ). 

CP is the card present signal (ref: A/6) and it will rernain high as 

long as the card covers the read station. 

··_ oPER is the card reader operable . signal (ref: A/6). 

LTLOPER is the load tape lever signal (ref:· A/7). 

EOT is the end of tape -signal (:ref A/7) 

PKTBZS is either the SPKTB signal fro·rn th e tape reader or the ZS · 

signal from the card reader . 
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the data channels, · 

eight from. the tape .reader and twelve fr6~ the card reader. 
. ·- . '. . ' ' :,~. ·;.;' 

These . 

·signals are loaded into , we.· buHer regi~te/s . . 
. . · ·, . : ·: •;•.· . . . . - . ' ·. ' · ·,· · .. - ·,· . . • .. . 

' . . 

3. 8 . BUFFER REGISTERS 

These registers G4, F4 and H4'. (rdi C ~D/8-1)) hold the data. signals 

until tt1ey a:re -transferred to · th~ CPU by the INR comrn.and. The da._ta -

is , clocked into the register by st:·obe pulses STRA and STRB for the 

tape reader and by the STRA, S-TRB and STRC for the card reader. · 

The outputs from the registers are .)nput to one side of the BIN gate;i. 

3. 9 BIN GATES 

The inputs tq BIN gates · 15, 14, · 12" a11d 10 come from ' the buffer 

. registers _vi~ logic that also p·i·?:_;,,.ides status signals. AlLother BJ]\f 

inputs corne direct from the buffer. ,- -Data at these gates is enabled on 

to the BIN J.ines by ACINR £01: the first type of -input and by ACINRA for :. 

the secpnd type of input. 

3. 10 ST1\TUS GATES 

These gates are F2, F3 and E3 (rer": E/8-9) .allow both .the CU and the 
·, 

device stat:1s to be gate~ on to the BIN li!i.es in response to either an TST 

'or SS_T command from the CPU; 

stahi s are: 

The BIN lines used to indicate the 

BIN 15 a high_on this line indicates .that either the CU is busy ·or the 

-device is not operable. 

BIN 14 a high on this line indicates that a throughput error has oc(cured 

BIN 12 a high on this line indicates that an incorrect lei1gth error has 

been detected 

· BIN 10 a high on tli.is line indicate-~. that end of tape has been detected. 

. . - ' 

All these status bits can be g3.ted or/ to the BIN lin~s by l~CSST, -

additionally· BIN 15 can be gated hy ACTST . 
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, 3. 11 INTERRUPT SIGNALS 

The gates which-prod,1ce t1;ese signal~-' are"-J:Cl and CZ (r~f: E-F/2). 
When the cu is control~;~a by the prt>g:pimrr{ed channel, both signals<are -

'o red' together on the 1/0 bus. The signals are: 

. . 
PIL/ This signal is sent to the CPU when the CU enters the WST 

. , . . . •· · .. ~ 

s'tate and cancelled by the SS _T command. 

BRL/ This signal is sent to the CPU when the CU enters the ECH state 

and is cancelled by the INR command. 

3. 12 OTHER SIGNALS 

These are MC (ref: B/6) ·and EOR (ref: F/7) 

MC This signal is sent from the CPU vihen eithe-r the CPU is 
switched ON or the operator p_t1she s the MC:L button C?n the c;ntrol _ panel. 

It is used to reset the sequencer, command and control flip-flops of 

-the CU. 

EOR -· This sig11.al is -s_ent by. the CPU during multiplex exchanges to 

indicate the end of the data exchange; it sets the FHALT flip-flop. 

3. 13 CU TO DEVICE COI\JNECTIONS 

All connections are made via twisted pairs of wire ·s. One ot the wires 

is c9nnected to ground - · both at the CU and the device ,. and the pther to 

the appropriate signal output. One end of the wires terminates at the 

-Elco connector socket that plug ·s on to the 5A/B end of the CU -c a rd, .the _ 

othc~r end is connected to the appropriate device . socket or caJ:d. The 

following table gives the comfoctions 'for- both the tape reader and c ar d . 

_reader. In each case, the lefth a.nd pin is the s ignal, the righthand pin 

is ground. 



.. TAP:t READER . CARD. RJ:;ADER . 
SIGNAL CU SOCKET 

SOCKET Jl , KAST /800 -.card 

C}:Il CH09 5A20/5B20 . D/4 n/r __ 
CH2 CH08 5A21/5BZ l E/5 hik I 

_5Ai8/5B 18 
" 

F/6 c/e CH3 CHO? 

CH4 CH06 5A 19/SB 19 . . H/7 Y/a 
CHS CH05 5Al6/SB16 J/8 u/w 
CH6 CH.04 5Al 7 /SB 17 K/9 P/S 

J. ,F. CH7 CH03 5A14/5Bl4 L/10 K/M 

CH8 CH0Z SA 15/SB 15 M/11 E/I-I 

CH0l 5A24/5B24 A/C 

CHOO 5A25/5B25 t/v ,. 
r CHl 1 5AZZ/5B22 x/z } .. 

-v-_,.,. •· 
i CHIZ 5A23/5B23 BB/DD ,u;l ! ; .•.1,:: 
-! •-/ ., 

! ' EOT 5A13/5Bl3 aa/12 ' f.: , 
5A12/5B 12 N/12 F/J ) '' PKTB ZS 

f 
: 

SA _l f /SB 11 r LTLOPER. cc/25 
I 
! 
1- - OPJ:~R 5A07/5B07 ;L/N i 
! '• 

5A JO /5B 10 ,. CP B/D -:·': ·-
i 
!' 

5A08/5B08 18/12 FWD POC R/T 

STOP 5A09/5B09 20/12 
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SECTION IV-

B11IEF ·DESCRIPTION 

· A block: diagram of the tape punch CU is .shown in Figute 4. 1. All the 

logic and special circuits are contairted on one card that is plugged into 

· anI/O bus socket and only ~ne punch can be conm,.cted t;· a ·;,·ard. The 

special circuits CSI and CSO are used to interface the device t~ the ·cu ·· 

. logic circuits. CSI is used for the input sign;ls from the device and 
< ' t '· ' 

. CSO is used for the data channels and the cornma.:nd. signa1s to .tl~e' devic~'. . . 

All the .special circ~_it levels are active high. · Operation of the cu: i::i 

cont:r.olled by standard I/0 inst.ruction·s and status signals from the 
r , ·. 

device . 

The logic and special circuit diagram, which vvill be found at the erid of 

.· this Section, should be used wheri reading' the following ' Jaragraphs. ' It 

has gric;l refer~nce points that are referred to in' the text to enable ea sy 

locatiori of the circuit elements being .described. 
'.·1-

.• .. •.• .... ' 

4. 1 ,:ADDRESSING (BAD Lines) 

The address o·f the CU can be wiredto .1•ecognize: any de sired address 

using s;itch connectoi·s AD0O to ADOS (ref: A-B/l'-3). 

The outputs from these comiectors togethei· with the DAV ·signal frorn. 

~he GPU are gated 'via 'element 112 (re'r: c/z) to produce the A.REA/sig;1al 

that is used to enable the BOF decoder ~md the sequencer; It is also 
. . . . 

. \lsed, via element H 1 {ref: D /1) to produce the ARE signal that is sent 

ba;ck to the CPU when the address is recognized. 

4. 2 FUNCTION DECODI]\l'G (BOF Lines) 

The command from .the BOF line,s is input to 'ele~ncn:t :D 1(ref: . A-_B/4-5) 

that decodes the function the CU is asked to perform: If the cr::im n-iand 

i s accepted, the ACC signal i s sent back to the CPU via H2 and HJ . 

.(r~f: E .-F /4) and t he r:1.ctive ollt.pu.t Je~e l is u~,ed to enahl~ othe~· logic 
·elernents of the CU. Which elernent i t will be can be seen by referi.ng 

to the follovting truth table. 
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.. :AO Output (Pin N °.) 

0 o. X -OTR . 4 .+ 5 

0 . 1" . 0 . CIO Stop 3 

0 l 0 CIO Start 9 

1 1 0 TST 12 

l 1 1 SST. )3 

The CIO Stop and the TST commands are always accepted; but before the 

other commands can be accepted, the cu· must be in the appropriate 

statie. 

4. 3 INTERFACE SEQUENCER 

The sequencer uses two flip-flops FO (ref: E-F/2.) and F 1 (ref: E-F /3) 

to switch t:he CU into one of the four states. 

INCT Both FO and F 1 are reset. It is switched into this state either 

, by MC or the trailing edge of an SST command. 

waiting for an I/O command. 

In this state the CU is 

ECH Both FO and F 1 are set. It is switched into this state by either . 

the trailing edge of the CIO start command or when s·ignal FR goes high 

at the end of the exe:cute state.. In this state the CU askes the CPU for 

a data exchange and loads the buffer register with data. 

EXT Fl is set and FO has been reset by the trailing edge of the OTR 

com1nand. In this state tbe punch instruction. is sent to the device and 

data holes are punched into the tape. 

V!ST F0 is set and F 1 is r ·eset by· the ievel FH.l\.LT. This 'Nill occur 

when either a CIO stop comrn.and i~ received or an error has been 

·· detected. In this state the CU sends an interrupt to the CPU and waits 

for an SST cornmand. The leading e dge of the SST cornmand vviU :reset 

FHALT and the trailing edge of the command 'Nill sv,itch the CU into the 

INCT st?.te. 

4. 4 COh'T.ROL FLIP-FLOPS 

. These are.FPI (ref~ D-E/3-4) and FH,\LT (ref: 

4-3 



. . 

F:i?I This flip-flop- reme1"D1Je1: s that a pm,:ch instructfon must be 
_ ; ·:. .. 

_performed., One of ' the outputs -from this flip-'flop is used via ·; elern.ent .·•· 

'. G3 (ref: E/3) to send_ the ,Punch _instructio,n t2 the device. 

; . 
. ' Set: · When the leading_ edge. of the OTR co1nmand produces Ac:;OTR 

via gates EZ · arid ·D2 (ref: c/5). ; 

~ . . . 

Reset: by either PR, ACSST or MCL 

·FHALT This flip-flop indicates that an exchange must be ended 
. . . 

· because either a CIO stop co1nmand has been accepted or a-n er.ror 

condit ionhas been detected. 

Set:· . by either A.CHALT or LTZ 1 

Reset: by either ACSST or MCL: 

4. 5 SEQUENCE AND CONTROL TIMING 

·Figure 4. 2 · shows the timing of the sequencer and control 
0

flip-flops. 

The time takeri to complete one -pl:mch. cycle may vary slightly frOrn the 

· ~'ninimum time shown in the diagram up to a maxir:num time of 
. . 

.13. 3 1--r1i;J.liseconds. · This varia_tion is dependant up on- the time .taken by 

the punch to· execute the PI instruction. 

4, 6 BUFFER REGISTER 

This register (ref: B / 6-8) comprises two' 4-bit J.atche s. ·Data on 'BOU 

lirie s 08 to 15 is loaded into the regi_ster by the clqck pulse given by 

· ACOTR~ The outputs of the register are connected to the punch data 

channels via special circuits CSO (ref:· C-D/9). 

4. 7 INTERRUPT SIGNALS 
' ~ 

These are BRL (ref: G/4) and PI.L (ref: G/3). 

BRL : This signal is sent to the CPU when the CU switches into the E _CH 

state . 

FHALT. 

It is cancelled by the tra11i.ng edge of the OTR command or by -

FIL This signal is sent to the CPU. when the CU switches to the WST st2.te; · 

-It is cance lled by the trailing edge of the SST comlnand; 

When the CU is controlled by the progra.mmed channel, the BR.L and PIL 

signals . are 'ored I togethe r on the I/O bu s . 

. . :._ ·. . . ·. . . . ·. - . . 
'="!.-.>~;:~:r,..,.-; • :-~~·~ .. ~.!'- "~/"'?f,"·~.,. .. i: t, .• , •.. ,c,-.:.:,, = ·' ·":1l't·•--'r"'•'".f',,••;.,,f.,,.. ... ~ .. --w~..,,:.-...;.",, . .,,a,;~•-· ...,-.- .:.:1,~~-·~~·---~~ ... , .... •t,,-'-':,-~~-:y.; t-,_,.,~,...,... _,...,"T"f-.,,._.>.,.: • .,....,,._J,.., ....... :,.. __ .,... ...... 
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. PUNCH INPU'.f SIGl'lALs . 

. -These signals are -APR, ATL; and AERR and they ~re interfaced-to the 

cu logic via special_ ,cfrcuit's CSI (~ef: E/9). 

APR Is tl)_'e punch ready signal. · H goes ,low .when, data has been stored 

in the device registerand goes high when punching is cornpleted. 

ATL Is th_e tape low signal. ,It is. sent by the punch detects that a: new 

· 'roll of tape is needed. 

AERR Is the error signal. It is sent by the punch when either the 'tape 

··. becomes too tight or has broken_. 

4.9 STATUSGATES 

_Tl\.ese are gates Gland El (ref: F-G/4-5). The _ outputs from the gates 

.- are sent to the CPU in response to eithe_r an SST or a TST comm.and. 

· BIN 15 A high is output to th:e CPU on this line i£ either the CU is bu.sy 

or the punch is inoperable due to an erro1· c6nditioi1. 

' BINl0 A high is output to the GPU if the tape low signal has_ been sent 

fron1 the punch. · 

4>10 OTHER SIGNALS 

These are SD (ref: D/9); EOR (ref: G/6) and MC . (ref: D/1). 

SD Is the stepping direction signal to the ,punch. It should a.lways be 

low to indicate forward, 

EOR This signal is sent by the CPU during multiplex exchanges to 

indicat~ the end of _a data exchange; it sets the FHALT flip~flop. 

MC This signal is sent from the: CPU when either the CPU is switched 

O,N or the Opera.tor pushes the MCL 1:mtton on the controlpane1. It is 

used to re set. the sequencer and ccintr'OJ. flip-flops; 

4.11 ·cu,to PUNCH CONNECTIONS . 

All connections are via twis_ted pairs of wires. One of the wires is 

connected. to ground - both at the CU and the punch - and the other wire 

is connec1:ea to the appropriate signal output. One end of the ·Wires 

terminates at the Elco connector socket that plugs ori to the 5 A/B e~cl 

of the CU card, the other end is conne·cted-to plug P 1 · of the punch . . · 

4-6 
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API 

SD 

.-- APR 

ATL 

AERR 

.,: cu-sockET 
sJ"cf(J~~'o 1 

5Aps/sB0.5 
5A06/5B06 . 

' . . •. ~- . .. ,, 

.5A0.4/5B04. 

5A07/5B07: 
< :· .. 

5A09/5~·09 

. .SA 1 o/5B 1 o 

. 5A08/ 5B O 8. 

5A03/5B03 

:.5A02/5B02 

5Al l/5B 11 

5A2 l/5B21 
·, 

5A 12/5B 12 

'5.A13/5B 13i. 

··: . . ,-._ - . 
.. · '· ··. 

-h 2~nd pin is the 

UNCI-{P 

/25_ 

2/25 '. 

<3/25 

4/25 
5/25 · 

6/25 

7,/25 

8/25 

9/25 

11/25 

10/25 · 

12/25 

21/25 

26/25 
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